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“Spin‘and Nucleon structure: —
Test-bed to theories

Spin is extremely relevant to the understanding of
matter , many surprises when studying spin quantities

naive spin composition by otherwise successful quark
model not valid = Spin crisis

Traditional pQCD did not care about transverse
momenta and expected small transverse spin effects—>
Large asymmetries seen, resulting in boost of our
theoretical understanding of the nucleon AND QCD,
connection to LHC
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~ Outline N

Valence, sea quark and gluon helicities
e DIS status
o SIDIS, W improvements
e Gluons from SIDIS and RHIC
» Near term improvements (high x at Jlab, lower x gluon reach at RHIC)
e EIC

TMDs

» Consolidation of Sivers and Collins effects, evolution(?), connection to pp very
interesting

e AN findings
e Ways to disentangle AN contributions,

* Near term improvements (high x at Jlab, DY,W/Z at COMPASS, STAR and
fsPHENIX)

e EIC
GPDs > Andreas Metz
e Recent results
 Future improvements
Various new detectors or upgrades
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Longitudinal Spin: Main Questions

CENC,

The momentum of the proton is made up to 50% by
gluons and 50% by quarks, is it similar for the spin?

What happens to quark spins when approaching x=i,
helicity retention?

The unpolarized sea is not symmetric, is the polarized
sea symmetric?

Are the strange (and other sea) quark helicities really
negative at unmeasured low x?

Not just spins but also Orbital angular momentum can
contribute — does it? If so, how much?
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+ 3 decay and
Hyperon decay info
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FIWion via SIDIS and W
production in pp

scattered lepton

incoming lepton

uud

target nucleon - ,
String Breaking - P

Semi-inclusive DIS: detect at
least one final state hadron

Hadron type relates to initial
arton via fragmentation
unctions ( important new

results from Belle, Babar,
RHIC, LHC and SIDIS)
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W production in pp
collisions selects
participating quark and
antiquark flavors and its
helicity
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Current highlights: sea'quark helic@s/
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Current highlights: sea quark helicities
COMPASS pl__Jrity analysis
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ity analysis
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rrent highlights: sea quar
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L_Jrity analysis

rrent highlights: sea quar
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elicities
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» Total 2011-2013 RHIC W data:

e Substantial uncertainty improvement

of the sea quark helicities

e DSSV framework ready to include W

asymmetries

» NNPDF ready for Ws (but still need to
include SIDIS)

9/13/2014

R.Seidl: Nucleon spin

Q*=10GeV’
Dc? t DSSV++ 1 Dc? t
r incl. proj. W data L DSSV++

r incl. proj. W data

2o,
Dc“=2% in DSSV anal. Dc’=2% in DSSV analysis

....I....I....i....l..
003  -002  -0.01 0 0.01 0.06 -005 -004 -003 -0.02 -00L O
Dii(x,Q?) dx

005

xAu

002 - 4 oo
S QP=10GeV ] I

.

=0.02 _— eees DSSV —_' -0.02 [
L DSSV+
004 | B DSSV-++ with proj. W data 1 oM
1 " PR 1 i ] [ 1 N Rt 1
-2 -1 2 -1
10 10 X 10 110 X
arxXiv:1204.0079

1 SIKMEN


http://arxiv.org/abs/arXiv:1304.0079
http://arxiv.org/abs/arXiv:1304.0079

Hall A

Ag/q

9/13/2014

0.8
0.6
0.4

. and Quar

© o SLACEI42 o SLACEI54

— 4 JLabE99117 © HERMES

- ® This Work [JRCQM L7 o

— Statistical ~ ----NJL L7 ’ e

- -- LSS(BBS) --- Avakianetal. ,-°

- L ’ . DSE (contact) )

= P ’ B ,é """"""""""""" ]SSE (realistic) T

ST 5.

Weph o A

- Parno et al.,

— arXiv:1406.1207

:\\\\I\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0.1 02 03 04 05 06 07 08 09 1

X

ASLAC

Y Hall-A
ECLAS

® HERMES

0.1 02 03 04 05 06 0.7 08 09
R.Seidl: Nucleon spin

1
X

CLAS

ge X

A,Dvs. xg,
1-27 ® EGib
. Model, weighted b >
" ol ey s O - 1.09 GeV
1 . & W = 2.00 GeV
— E143
~ E155
0.8 SMC
C HER
—~ 06—
© .
~— S04
=< L
: 0.2}
0}
0.2
: 4
_0-4_\\\\ll\\llll\\‘llll‘\\ |I\\I|\\\\‘II\\‘\\II‘\I\\
0 01 02 03 04 05 06 07 08 09 1
B
L g pOCD leading twist
02 F
P o T
0.15 |
< JLab EG1-DVCS
S 01| JLab EGIb
= JLab RSS
JLab E94010/EGla
I JLab EGla
0.05 |- DESY HERMES
' SLAC E143
SLAC E155
CERN COMPASS
Il Il Il Il Il

0’ (GeV?)

12

Phys.Lett. B641 (2006) 11-17

Phys.Rev. C90 (2014)

RIK=H



/
- Near future: high x helicities

Flag-ship measurements of 12 GeV Upgrade
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Gluon polarization

| Centraln%atvs

Barely access via DIS
data through DGLAP
evolution (no large Q>
lever arm)

Some access in SIDIS
through high Pt hadrons
and charmed mesons

Polarized pp collisions at
LO in og sensitive to
gluons
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COMPASS, PLB718(2013),

PRD87 (2013)
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measurements suggest particles called gluons make a significant contribution

Jul 21,2014 | By Clara Moskowitz

Protons have a constant spin that is an
intrinsic particle property like mass or
charge. Yet where this spin comes from is
such a mystery it’s dubbed the “proton spin
crisis.” Initially physicists thought a
proton’s spin was the sum of the spins of its
three constituent quarks. But a 1908
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Near future: extend gluon X range
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erm-question: sea-and gluor

contributions at lower x? =2 EIC

103}

Current polarized DIS data:

[  oCERN ADESY ¢JlLab oSLAC

[ Current polarized BNL-RHIC pp data:
- ®PHENIX T ASTAR 1-jet
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Answer questions
whether light quark sea
is really symmetric or
not

Resolve strange helicity
puzzle (or shoot down
SU(3)¢ applicability from
hyperon decays)

Large impact on
integrals

1
[ Ag(x,0°) dx
0.001
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Transverse spin: Main questions

How a@uarks and gluons distributed in transverse @

momentum space?

What do we learn from all the different spin and orbit
correlations ( obviously OAM needed for nonzero Sivers
function, but so do anomalous magnetic moments)

[s our understanding of TMDs via gauge links correct? -
universality, sign change of Sivers and Boer-Mulders
function

How do Transversity distributions differ from helicity
distributions?

e connection to lattice calculations via tensor charge
e Any sizeable sea?
what is the connection between SIDIS and pp?

9/13/2014 R.Seidl: Nucleon spin
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Transversity

Collins and dihadron SIDIS
(HERMES,COMPASS, HallA)
and Collins FF (Belle,
BABAR) results very
consistent,

“global” fits to pion Collins
(Torino) and di-hadron

(Pavia) with similar § 50-04TSTAR'Fm'n"e"P'r‘é‘liﬁ'mary\Js=2‘t|0"'Gev
5., 0 " pl+p— 1t X
transversitites < [preomE l

Still need to be included in

fits: °-°2;
e First Collins and di-hadron

— .

001: l
results from RHIC. s T

e Kaon SIDIS results of ‘
e preliminary Kaon FF from -

rel. systematic uncertainty of 4.6% not shown

-0017
Belle 08 06 -04 02 0 02 04 06 08

Tlrc*n'
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Transversit

Collins and dihadron SIDIS
(HERMES,COMPASS, HallA)
and Collins FF (Belle,
BABAR) results very
consistent,

“global” fits to pion Collins
(Torino) and di-hadron
(Pavia) with similar
transversitites

Still need to be included in
fits:
e First Collins and di-hadron
results from RHIC.
e Kaon SIDIS results

e preliminary Kaon FF from
Belle
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Almost Consolidationo/f/
Slvers In SIDIS
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=, —1 {J.5 1 0.5 1 1.5
10 10 . z P';].- (GeV/c)

Similar effect on proton targets, but smaller
magnitude at higher scale - effect of evolution
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Almost) Consolidation of
Slvers In SIDIS

COMPASS positive pio -:;{'}{'ﬂ p elimin

o . comSihniiimes | Hall A: PRL. 107| 072003 (2011)

-
o HERMES =™ PRL l'f”{ 00‘31 ...................
) B
. K]
0.05}- : é@_#\; = @_(;,‘}’.L g 02— -
¢ = 7))
e3¢ LI ¢ | , A ko4
2 0- . & ' i MLLECET SR S
Of - R PR Y S i Mﬂflm
PP i
-6:: 02— palitininns ey Sabbbil TTH N
—0.05F . - | £ | :
- _,:.,,T COMPASS negative pions x<0.032 preliminar sr) 0.4~ o ] — [ TR
T 0.1 ™ COMPASS negative pionsx>0.032 preliminar €N r JR— R E—— r e —
Q HERMES = PRL 103 ':Enn{}} _| I [ T |..| -|..| .|.-| .|.-| ;.I.-I T |_| P .| .|”| .|-.| -|..| -|.-| .|'| R BT

0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
0.05+ + - Xy

IR X : --,;{»%-%----J*? éﬁ%{ 1. k +¢$ %|

_U'US_||||- . « 1 a1l 1 ..|||_ L

> - 0.5 1 0.5 1 1.5
10 10 N . P! (GeV/e)

Similar effect on proton targets, but smaller
magnitude at higher scale - effect of evolution
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hi§her twist contributions ook [ SRPreimmay T
related to Sivers and Collins kt S e RS ST, L,H H
moments e A T R S %-1---- WY # sk
However, more higher twist 005 YRR R 1T $ |
functions exist 1 . $%Q ------------------ N
Initial assumptions of Sivers- 005 1

like only contributions not oég_g_gg_z_.g,...g_.__._g*i._?_;_o_;g_;_.;.....;...._._{;%.gg8 _____________________ e
correct or at least of wrong . i RRe

sign N i %3 i *

. - O i I R 1 O e 1*®
Indications of smaller AU SRS S LU,
asymmetries in more “jetty” 0.05 wZo )
events could point to other T e L e s
mechanism such as diffraction 273 4 5 62 4 6 8 46 8

All backward and central
asymmetries zero (pions, eta,
jets) --indication of small
forward jets
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/”/—\A B
hi§her twist contributions Fook T [ Saremmay T
related to Sivers and Collins kt S TR & P SR I X iz
moments 0ol by g”f' R . +“ LK # sk
However, more higher twist 005 L e o Tdeet $ |
functions exist og;---s-;o-e--3---3------3{--3-&33-0-&--6 -------------- $%Q ------------------ BN
Initial assumptions of Sivers- 0.05 | R
like only contributions not oég_g_gg_z_.g,.._g_.__._g*i._?_;s;g_;_.;.____.___._._{;%.gg.s...;....f ___________ e
correct or at least of wrong . : el :
S1gN N . pl+p—> jots Jg-:i=500 GeV ]
Indications of smaller reit e goo ’ 4
. . «: ) 0 05; o X, - & jet A, (statistical errors)

asymmetries in more “jetty 05 X oot .

. [ ; 8A, (systematic error) o
events could point to other o-f-44tses | 4
mechanism such as diffraction >3 4 5 't AnDY %
All backward and central 0005}
asymmetries zero (pions, eta, e e
jets) --indication of small : *
forward jets -oc0ste ¢
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Near future

Precise higher x Sivers and

Collins measurements
from Jlab at 11 GeV

More IFF and Collins
measurements from RHIC

Forward direct photon and
jet measurements at RHIC

e Dis-entangle initial state
and final state
contributions to Ays

e Roman pots in STAR

2 (sin(¢+0g))t

9/13/2014 R.Seidl: Nucleon spin

N [ m  E06010, PRL 107 072003 (2011)
I,:/ L SO Ll D Vogelsang and Yuan (Collins)
B & Anselmino et al.(Collins)
== 0.2 [ <P,>=1.1(GeV) Pasquini (Collins)
iﬁ =] - . 90 days SoLID
C <ep=09Gev) f° T " #
0.0 T
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0.1 0.2 0.3 0.4 0.5
X
01y ot ~  CLAS12 projected results
HERMES COMPASS 2010
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(1)

L [ E06010, PRL 107 072003 (2011)
L S L | D Vogelsang and Yuan (Collins)
[ ]

g Anselmino et al.(Collins)
== 0.2— <P >=1.1(GeV) Pasquini (Collins)
/'/\, Liﬁ: - e 90 days SoLID
= L L
T <P>=09 (GeV) e

]

N 0.0 _ |
ear future T
[ <P>=05(GeV)*|s o o & = .

-0. Ed,P:o_s(GeV) . rePes
Precise higher x Sivers and -
COllinS measurements ':5 01 = 7+ - CLAS12 proiected results |
from Jlab at 11 Gev g - . Jet + h*" Collins Asymmetry: A vsZ
More IFF and Collins § [ o fSPHENIX
measurements from RHIC  ® o 4 .
Forward direct photonand  *'f_*. . // :
jet measurements at RHIC el —
o1l 20 -
e Dis-entangle initial state I . "
and final state ME D s
contributions to Ays )
) T 80102 03 04 05 06 07 08 09 1
e Roman pots in STAR Mk owe s e
01 '::_|+l‘|;1+|+l+l'fl+lh J|'. E. ,*f*J‘f*.*.*l*.*.E’.“.“.* s 4 # "a

0 0.25 0.5 0.4 06 0

_ 1
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Sivers SIDIS-DY: e

S 1 B A~ i
The sigh change?
- Re-analysis of 2010 data in same
| M8 oo 1 e Q2 range as DY shows still
sizeable asymmetry of 4-5 % =
o | direct comparison to DY
' measurement in one experiment
e, possible

02 =01 o 01 02 03 04 0F 08 07
=X
1 1

ni* BE

x

140 days of data-taking sufficient
to see sign change on the 2
sigma level

L

MECHIN Dl will need additional
| Queeviils. j* _ confirmation:
+H .Hm{’{ ﬂ _ » more Compass running>2017?
SN % * ' > RHIC
I ______ I > FNAL??
Chiosso@Transversity 2014 ﬁ
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— .
DY Sivers sign change in the US

E W —=1v STAR preliminary

Possible 2016 510 GeV pp data Lt
taking: STAR W Ays osb |
(reconstruction of W S S
kinematics)

e feasability study shown at 05
DISZOIAI. L STAR p-p 500 GeV fl_=25 pb’

-1r 05 <Py<TGeV

( ] Also forward electron DY? E 3.4% beam pol. uncertainty not shown

200 and 500 GeV polarized Ipp
at RHIC~2020+ : DY capabilities e
at STAR and fsPHENIX bs as az 0 ez o go

Polarized target in E9o6:
unfortunately wrong
kinematics — mostly sensitive to
sea Sivers (but also interesting)

Polarizing Main Injector very
unlikely

-

OO NSO ®o

syst.(%)
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DY Sivers sign change in the US

\

Possible 2016 510 GeV pp data Z: e
taking: STAR W Ays oo
(reconstruction of W o | 3
kinematics) oF {Jl ] le
e feasability study shown at 01 T
DISZOI4 _0_22 W) L(del) =900 nb'i
o Also forward electron DY? 03 R T
200 and 500 GeV polarized pp o4 e[ Ly =200
at RHIC~2020+ : DY capabilli)ties £
at STAR and fsPHENIX a
Polarized target in E9o6: 95 04 0z 0 oz 04 W
unfortunately wrong

kinematics — mostly sensitive to
sea Sivers (but also interesting)

Polarizing Main Injector very
unlikely
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DY Sivers sign change in the US
Possible 2016 510 GeV pp data Z: AR
taking: STAR W Ags 9
(reconstruction of W 01 : ;
kinematics) o] { i
e feasability study shown at 0a A —
DIS2014 02f W f e =900ps”
o Also forward electron DY? 03 R T
200 and 500 GeV polarized ]pp O e Loy = a0p0”
at RHIC~2020+ : DY capabilities i
at STAR and fsPHENIX < al o
Polarized target in E9o6: 0.25] 0<0;<3 GeV 020 02 04 @
unfortunately wrong ool

kinematics — mostly sensitive to

sea Sivers (but also interesting) “;f
Polarizing Main Injector very 005t o

evolutior\\

AT INEEE INTRI NN AT RN NN
51050 051 15 2
Yw

unlikely

M_IIIIII

2 1
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DY Sivers sign change in the US

\

Possible 2016 510 GeV pp data Z: e
taking: STAR W Ays oo
(reconstruction of W o | 3
kinematics) o {Jl I {Jl
e feasability study shown at 01 T
DISZOI4 _0_22 W L(del.) = 900 nbj
e Also forward electron DY? 03 R T
200 and 500 GeV polarized pp o e sy = 100
at RHIC~2020+ : DY capabilli)ties i
at STAR and fsPHENIX < al 7 008 :
Polarized target in E9o6: 0.25 0<d<3 GeV / 0.04 -
unfortunately wrong ool [ 002f .

kinematics — mostly sensitive to
sea Sivers (but also interesting)

Of

o : . 0.1F / 0.02f
Polarizing Main Injector very oost O o4  \Worstcase
unlikely it :

0.15F

: evol g evolution
of ~0.06 bl Lo b G
PR IE N 2-15-1-050 0.5 1 1.5 2
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- Longer Term: seéaSivers and 3d —

momentum tomography: = EIC

103 | Current data for Sivers asymmetry:
F ® COMPASS h%F,<16GeV, z>0.1

HERMES  a™ K%Fg<1GeV,02<z<0.7

- @ JLab HallA 1 P =045 GeV, 04 <z =06
Planned:

- B JLab 12

Also ideas on how to access gluon Sivers via D meson production

Quark flavors and comparison to Lattice calculations
9/13/2014 R.Seidl: Nucleon spin 37
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Longer Term: sea'Sivers and
momentum tomography: = EIC

T T T T T T T T T

d quark

W

1%} Current data for Sivers asymmetry:
- ® COMPASS h*%:P;<18GeV, z-0.1

HERMES  a™ K%Fg<1GeV,02<z<0.7
- @ JLab HallA % P, =045 GsV, 0.4 =z <06

[ Planned:
10°F BRE JLab 12

Q2 (GeV?)

‘H}:—

Also ideas on how to access gluon Sivers via D meson production

Similar reach for Transversity = Tensor charges of the nucleon for various
Quark flavors and comparison to Lattice calculations
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P R

Planned experiments

And upgrades in the near future
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Super Big Byte

5300
200 18
SoLID |
10| o
- Large acceptance (2r)

9/13/2014

Second Tracker —

Front Tracke

 Jlab12: Hal LA

(Moderately) large
acceptance

Full PID (K and n)
Well-matched to high-
luminosity 3He target

Magnetic Shield —/

Kinematic coverage out to
moderately large P+ 100
Capable of quite high

luminosity (1036 cm-2s1)
Requires major new funds A

R.Seidl: Nucleon spin 0 200 400 600 800 401000

Z, cm H

-200
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JLab12: Hall B

Future longitudinally
polarized target for CLAS12 (11

GeV program at Jefferson Lab)

* VERY large acceptance * Horizontal 4He evaporation cryostat
 Full PID (K and r) * 5T B-field provided by central detector

(K ID requires major new
funds for RICH)

* Moderately high
luminosity (1035 cm-2s1)
(matched to NH;, ND,)

Polarized Targets
« Standard DNP longitudinal
NH3, ND targets
(funded by NSF MRI, under
construction)
 HD-Ice target —
(suitability for e beam
o/13/2014 remains to be dempgstrat@e)on spi




/ JLab12: Hall C

-Super HMS

High momentum
capability and resolution
« Full PID
« High luminosity polarized
3He target (as in Hall A)
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Forward Preshower

(MPC-EX), currently NN N_-

being installed | A

Utilize proposed central sPHENIX around Babar magnet +

initially forward GEM tracking and hadronic calorimetry

upton =4

Maximal overlap with zero-day eRHIC detector includingp
@

IR constraints
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A ——.. -
RHIC: STAR upgrades

Onging . n=0 n:ﬂ_o +ﬂn:+1_ﬂ9
e FMS-Preshower EAST; E
e Roman Pots Phase-II*

o FMS-Postshower

’ il b e gl
2020+ ] +.:::: i : _ - I EI'H'n-::‘l;l;l_ll‘ e L 1
° ECal: o | )

Tungsten-Powder-Scintillating-fiber 2.3 cm Moliere
Radius, Tower-size: 2.5x2.5x17 cm3 23 X,

e HCal: =M b
Lead and Scintillator tiles, Tower size of 10x10x81 cm3 ; A | - N
4 interaction length

e Tracking: i
Silicon mini-strip detector 3-4 disks at z ~70 to 140 cm
Each disk has wedges covering full 2 range in ¢
and 2.5-4inn other options still under study
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Summary2

Recent highlights in nucleon spin structure ( since last LRP)
 Valence and sea quark helicities ( SIDIS, W)
e Gluon spin from RHIC

e Consolidation of Sivers and Collins effects in SIDIS, evolution(?),
connection to pp very interesting

e GPDs
Near term progress
* Sivers sign change test (COMPASS, RHIC)
e Lower x gluons from RHIC and improved Agbar precision

 Jlab 11GeV valence quark helicites (d helicity retention?), multi-
dimensional transversity and Sivers measurements

Longer term progress
e Gluon and quark sea helicities to much lower x

e Transverse Spatial and momentum imaging of the nucleon, tensor
charge
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Backup
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Ag

Agbar
Quark OAM
Gluon OAM
Spatial

tomography
Sivers, TMDs

Transversity

9/13/2014

R.Seidl: Nucleon spin

Helicity retention?

Nonzero? Rest of
Sum rule?

Light sea symmetric?,
low x negative?

Direct integral not
possible = models

Via higher Twist
GPDs?

Sign Change?
Evolution, connection
to ANs?

Tensor charge,
calibration for lattice? '
s 9 @

RIK=H
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Final 2009 RHIC A, results

PHENIX: Phys.Rev. D90 (2014) 012007 STAR: arXiv:1405.5134

> T = = DSSV0B
0025 Py 11 GRSV Agix) =0 - -
oos [ = GRSV-std - 0L.07E STAR 2009 P
02— o PHENIX Run5+6+9
C p Correla:d Systematic Uncert. / 0.08 PP — Jet+X .- "
= £ {5=200 GeV 1
0.015 — ~ 0.05 i 5= e #’_,a-'
- A 0.04 - -
0.01— 5 - - )
- e < 0B jycos - -
0.005 -~ i 0.0z o - -
C j - e q--_-ni-uq-ﬂ 001 _.ij J
] ;CI::;. i ;.-]TIJ 1 T | At o '—gk -7
T Run5+6+9 Not Included: =
-0.005 :_ 4,8% Global Scaling Uncert. -l:l'mf_l T T T
C  4.2x10* Global Shift Uncert. (a) = * STAR
-0-01 T_ 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | DIU? E_ - EEID
: ) ; ’ " b feevid BOGE | et
0.05g [--- L5510 " ]
° ° 0.04 i_ HNPOF P - ] — -
+various other published 0 R
0 DEf_ -..- B { = - -
results such as charged s
: S, AT '
- +6.5% seale uncartalnty
plon ALLS) n ALL) HF ":'-['15_ | from polanzation not shawn

[}
=}

15 20 25 a0 a5

GIECtI'OIl ALL Parton Jet [ (GeVic)
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COMPASS, PLB718(2013),
PRD87 (2013)

1

urrent highlights: gluon helicities

COMPASS all p_, Q%1 (GeV/c)?, 2002-06

XgAd
I

COMPASS high p_, @*<1 (GeV/c)’, 2002-04
COMPASS, open charm, all @, 2002-07, NLO
SMC high p_, Q2%>1 (GeVlc)?

0.5

> O @ o H

Hermes high [N all @*

i 1
L
COMPASS NLO QCD fitto g, 2 = 3 (GeV/c)*

-0 . 5——— Dssv++ model, NLO 12 = 3 (GeVic)?

-------- DSSV++ model, NLO 12 = 13 (GeV/c)?

L + g(x): MSTW2008, LO u? = 3 (GeVic)?

+ g(x): MSTW2008, NLO uZ = 13 (GeV/c)? |
| | | | | | | |

1
102 10
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n° p. (GeV/c)
0 5 10 15
T T T T I T T T T I T T T T I T T
| @ PHENIX Prelim. =°, Run 2005-2009 n

PHENIX shift uncertainty
—— DSSV++ for °
0.04- w STAR Prelim. jet, Run 2009
B STAR shift uncertainty

[ —— DSSV++ for jet /

—
<C 0.02

o

PHENIX / STAR scale uncertainty 6.7% / 8.8% from pol. not shown

01I02I03I0
Jet P, (GeV/c)

» DSSV:Phys.Rev.Lett. 113 (2014)
012001
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S
. DSSV++

0.04 |- === NEWFIT |
with Ay*=1 and 90 C_L. bands
0op [ T Dssv * B
A 0 LA i
LL ~
I 1 1 1 1 I 1 1 1 1 I 1
T T I T T T T I T T T T I T
004  STAR 2009 run (prelimizary) ]
L 4 mi=03
Fo0 05=n=10 g
0.02 N _ﬁl s = ]
A_jet oL D_D__E--a-'_‘ﬁ___._-_?— - T
LL
| L | |
10 20 30
pr [GeV]
1 2 3
T T T I I
002 [ PHENIX N
T } s= 624GV
4 +s=200GeV (2009 mun) I
nt T e ——————EMEIRTEE
ALL 0 | I
-0.02 - T —
L | | I| | | | | I | | |
0.06 F s NEW FIT E
E with Ay =1 and 90% C.L. bands R
004 & ___ pssv ]
002 F J— 3
no o F s N
A OF A S | 1
_U-DE - | 1 1 | 1 | -
5 10
pr [GeV]

0

-0.1-0.05 0 005 0.1 015 02 025 03 035
02

Jdx Ag(xQ?)

Pions at slightly smaller x

and smaller Pt 2 Ag
smaller due to evolution

DSSV:Phys.Rev.Lett. 113 (2014)

012001
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‘GPDs: Orbital'angular momen/tum/

(OAM) and spatial imaging

Some indications for v+ . +
OAM from magnetic 2 X - -
moments of p and n,

nonzero-ness of Sivers

function

GPDs related to regular
pdfs and form factors:

1 H X,0,0 > X), I:i 2A
Ji sum rule allows ( )= q(x) q
quantitativeaccessto ], [htaen=F0, e [dere0 - 70
via exclusive reactions: * ¢

1 Any access to gluon
JT = _ff'f.:',r HY(x,&,t =0)+ E9x,£,t =0)] - :
2 S | ' OAM only via Twist 3

t=(p' - p)? >FT of impact
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Transverse momentum depend
/ distributions (TMDs)

Quark polarization

Unpolarized Longitudinally Polarized Transversely Polarized

(V) (L) (T)

1 g1 = (- (o~

T fllJr:@) - (;D 911—(/ - é

S.Pisano, Transversity 14
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Status at 2007/

HERMES Collins Asymmetries indirectly confirmed by
first Belle FF results, consistent with zero COMPASS
deuteron result, first global fit by Torino group

Sivers function discovered by HERMES, zero
COMPASS result on deuteron

Transverse single spin asymmetries from ZGS,
AGS,E704 and RHIC

what is the connection between SIDIS and pp?
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Consolidation of Collins x
/ transversity

3 o1- B Hall A: PRL 107, 072003 (2011)
5}: ) COMPASS positive pion: [ B i i
005 o RRESREEE L e | e [ur
. 0 i
S | 4_4...,+L
OF g dRe }E """" 5’.}5‘4}@(} PR I + mtm1 Quarkdiguark
é@# ? i _;_.: L messs Phenomenological Fit
—0.05[- % B = L L wwun Light-Cone Quark
v gEL B =1ve Axial Diguark
—0.1+ - & 0'5_ e *] Fit T :
Z o1 : = : I, Exp. ez ———
QE; {)i 0.1 0.2 0.3 04 0.1 0.2 0.3 0.4
Xy X
0.05+ - bl b
% 8.} ALY &
RIS SN A 4 S b fmeet b L.
—0.05 COM P!_\SS negative pions x<0.032 preliminary
L] COMPASS negative pions x=>0.032 preliminary N
—0.1 o HERMl ESm PLB 693 (2010) rescaled by (}-‘féy:‘-l.-’( l-<y>+<y>2)
cul AT B . L . L ! L !
-2 -1 0.5 1 0.5 1 1.5
10 10 . z p }1’ (GeV/c)
* Very good agreement for HERMES and COMPASS proton results, despite
substantially different scales (at around x=0.2 Q> 4 vs 12)
* Hall A Hes results within expectations
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The Spin sum rule

1 1
5 = §AZ + AG = Jaffe, Manohar

AY = /d:c (Au(z) + AT(z)) + ( ) + ( )]

Other decompositions exist

AY and AG can be accessed in longitudinally polarized
(SI)DIS and pp collisions

more on orbital angular momentum later
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Deeply Virtual Compton Scattering

Unpolarized cross sections, unpolarized beam and target

oo ~ Re{F\H — {mFLE — &(Fy + F)(H + E)}

Polarized beam and Unpolarized target (BSA)
Ary~Tm {FiH + €(Fy + R)H + gfn BE |

Unpolarized beam and Polarized target (TSA)
Ayr~Tm Pl +E(F + F) (H - 3£B) — ¢ (£ F — in Fy) B}

Polarized beam and Polarized target (DSA) v
ALLNRG{FJ:I + &(F1 + Fo)(H + £25"5")}

A.Kim, Transversity 14
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HERMES DVCS 2 baienam
" _Hydrogen Pure| & Beam charge asymmetry

A e GPD H H: PRL 87 (2001) 182001

aes B / PR b 75 (2007) 011103

e Ap ey S~ JHEP11(2009) 083

c : JHEP 07 (2012)032

A; A THEP 10 (2012) 042 (recoil det.)
AL bt JHEP 01 (2014) 077 (recoil det.)
s e D: Nucl. Phys. B 829 (2010) 1

e iy . g N nuclei: PR C 81 (2010) 035202

Al AL i & Beam helicity asymmetry

AL il GPD H
A e

LTSRS :
A e - \

Pt A UT »

urli

: Transverse target-spin mmetries
n::;{u- ::-._]u]nn ! ‘ g P GSY

S - GPD E

3}.‘ . A i H: THEP 06 (2008) 066

e LT ——t H: PLB 704 (2011) 15

n:_:;i-nl]tntn . .
oA ~ ~ - | |
A UL wen @& Longitudinal target spin asymmetries
A:-:-:uqr H—'l—l —— / GPD H
AT A LT H: JHEP 06 (2010) 019
pcown e | D: Nucl. Phys. B 842 (2011) 265

04 -03 -02 001 0O 01 02 03

Amplitude Value

KR. DIS2014 7



More DVCS and exclusive —
/—\ =

Various Jlab
results, much

more to come
with 1GeV

Considerations
to measure
GPDs at STAR
with Roman
Pots in UPC
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measurements
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DVCS reach with an EIC

GurrentlDUG;S data at colliders:

30 zEUS-total xsec O Hi-total xsec
- @ ZEUS- doidt B Hi- dovdt
B Hi-Ag,

Current DVCS data at fixed targets:
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HERMES- Ay, Auw, Aw
HERMES- Ay * Hall A- CFFs
CLAS- Ay # CLAS-A
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> Excluswe vector meson productlon do

W

T +¢ /E %ﬁ T —& <> Fourier transform of the t-dep
, T mmm) Spatial imaging of glue density
' t-dep <~ Resolution ~ 1/Q or 1/M

» Gluon imaging from simulation:

A e+p—e+p+Jiy
15.8< Q2 + M3, < 25.1 GeV2
2 4 1 016 <X, <025 __‘\('* ggg
S TR TR T PR o 4
E’J ’ \ —/ 012 1.4
I3 5 2
c
9 5t 1 008 2 2. PR )
.-S 41 00 02 04 06 08 1 EJ & W N (p —|— Q) Y MN Z p
7 af
)
o Images of gluons
1r 008
0.0016 < x, < 0.0025 — 006 .
Y0 o0z 0‘4V 06 08 1 Q 14E/> 000 from eXC|US|Ve
I 92 14 18 .
> J/U production ﬁ
by (fm)
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erview of SolLID

Solenoidal Larg

~ o Full exploitation of JLab 12 GeV Upgrade
= A Large Acceptance Detector AND Can Handle High Luminosity (1037-1039)
Take advantage of latest development in detectors, data acquisitions and simulations
Reach ultimate precision for SIDIS (TMDs), PVDIS in high-x region and threshold J/y
5 highly rated experiments approved
Three SIDIS, PVDIS, J/y production
Parasitic: di-hadron, Inclusive-SSA, and much more ...
eStrong collaboration (200+ collaborators from 50+ institutes, 11 countries)
Significant international contributions

EMCalorimeter EM.Calorimeter,
¢ (forward angle) (forwardlangle)
EM.Calorimeter g 3
adron ' (GEV]

(large angle

Target

Beamline

Collimatog

Coil.and,Yoke |

WF0Es CEpes
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» Collins and Sivers effects

* Precision input to global TMD extraction i 0. ; | ?ﬁ:o.o ;.u
~100X higher statistical figure-of-merit for 2 /{ £
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Hadron Arm

Re-use of HERMES RICH for Charged Hadron PID

— DSSV

— DSSV+He
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bE 1 < New proposal to JLab PAC—
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! ] 3He SIDIS - Impact to DSSV
sE . global NLO QCD analysis of 30-
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ASl1001-10] transverse run.
» Dramatic impact to dbar
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Main EIC references

* Long 201 INT writeup: Gluons and the quark sea at high energies: Distributions,
polarization, tomography
Daniel Boer et al.. Aug 2011. 547 pp., e-Print: arXiv:1108.1713

» EIC White paper: Electron Ion Collider: The Next QCD Frontier - Understanding the
glue that binds us all
A. Accardi et al.. Dec 2012. 146 pp., e-Print: arXiv:i212.1701

e PHENIX based Detector concept: Concept for an Electron Ion Collider (EIC) detector
built around the BaBar solenoid
PHENIX Collaboration (A. Adare et al.). Feb 5, 2014. 59 pp. e-Print: arXiv:1402.1209

« eRHIC CDR: eRHIC Design Study An Electron-lon Collider at BNL E.C.
Aschenauer et al., arXiv:1409.
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https://www.phenix.bnl.gov/WWW/publish/elke/EIC/eRHIC-CDR/Document/cdr.eRHIC.all.v1.6.docx
https://www.phenix.bnl.gov/WWW/publish/elke/EIC/eRHIC-CDR/Document/cdr.eRHIC.all.v1.6.docx
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C key mesurements (Helicity

Deliverables

Observables

What we learn

Hequirements

polarized gluon

distribution Ag

scaling violations

in inclusive DIS

gluon contribution

to proton spin

coverage down to = ~ 1077;
£ of about 10 fb~!

polarized quark and

antiquark densities

semi-incl. DIS for

pions and kaons

quark contr. to proton spin;

asym. like At — Ad; As

similar to DIS;
good particle 1D

novel electroweak

spin structure functions

inclusive DIS
at high @~

flavor separation

. a
at medium z and large (J°

VE = 100GeV; L = 10 b~ "

positrons; polarized d or *He beam
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Inclusive DIS

e - Several orders of

T 5 GV o 100 Gay

47 - S 1S a5 ¢ 5 GV on 250 Gay

aw mmoos magnitude of Q2 at same
' x allows to determine

LR — SR '_ gluon helicity via
G | e 3 DGLAP evolution

Inclusive DIS is certainly
not statistics limited

Main systematics
expected fromy
reconstruction
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1 | T T T T | T T T T I T T T T T T

Q* =10 GeV?

current
data

5100 N - é
05 IR Dssv+
Dssve ' B ECC5c
A R B EIC 20x250 |
-0.05 0 0.05 0.1 all uncertaintias for Ax’=8
ﬁ 'I, [GIGM'I_G.G'I] _1 | | | | | | | | 1 1 I 1 1 | | | | |
J 0.3 0.35 0.4 0.45
1
. . - fﬁE{x,sz dx
¢ 1year of EIC running will 777205 odor
pin down gluon
polarization
[ NNPDFpol1.0 E
NNPDFpolEIC-B ]
et vt vt b
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———
Sea quarks

anal XAO 1k xad 1 ox .
B JATPI 1°* » Answer questions
Q02— - — 00

e

whether light quark sea
ok | is really symmetric or
C I 0SSV and IF ]
004 - 4k q-0.04 not

EIG 5 GeV an 100 GeV
& 5 GeV on 250 Gy

B DSSV

Ijll___qu_ mg, T _%_ mg, e !!!!!é 0 Resolve Strange hEllCltY

oosk i°*  puzzle (or shoot down

of | A " SU(3);applicability from

e
opzf s .
: i i.. hyperon decays)
004 7 = 10 GeV? ol
T R B | wul 1 o 02
10 = L] : 1 10 = 10 ! 1
X X
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~ CCDIS py

1-0 ' (2,Q%) = [Au+ Ad+ Ac+AF] (2,Q?) .
= g (r.Q%) = [-Au+Ad— Ac+ As] (2.Q?),
5 | W™

£ 5

S o5 T Gain even more flavor
o 7~
g g sensitivity with the weak
S ool frz e interaction:
T 00 [
g - ep — Ve X

05 — | N

Y
x
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Impact on global analyses
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Sivers function

. - P - I : | - . -
Sivers 103} Current data for Sivers asymmetry: - ring of
1 - ® COMPASS h*F.<16GeV, z>0.1 ] ] .
nnpolat [ O HERMES 2™ KPP <1GaVW,0222z<07 ] giton;
TMD o - JlabHallA x* P,; <045 GeV, 04 <z <06 1 | range
and gh Planned: namics
R — ] _
Y — 10°F E§E Jab12 | =
Chiral- S - 1 | range
. ) - 1 .
functic (5 i 1 ailed
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Figure 2.16: Comparison of the precision (2-o uncertainty) of extractions of the Sivers function

for the valence (left) wy, = w — w and sea (right) @ quarks from currently available data [69]
(grey band) and from pseudo-data generated for the EIC with energy setting of /s = 45 GeV
and an integrated luminosity of 10 fb~! (purple band with a red contour). The uncertainty

estimates are for the specifically chosen underlying functional form.
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3 dimensional spatial structure

Deliverables Observables What we learn Requirements
GPDs of DVCS and J/ ¥, p" & transverse spatial distrib. [dt L ~ 10 to 100fb~ L
sea quarks | production cross-section | of sea quarks and gluons; leading proton detection:

and gluons and polarization total angular momentum | polarized e~ and p beams;

asymmetries and spin-orbit correlations | wide range of = and Q%

GPDs of electro-production of dependence on range of beam energies;

valence and K and p* K" quark flavor and et beam

sea quarks polarization aluable for DVCS

Table 2.3:  Key measurements for imaging partons in the transverse plane. With energies in
stage |, one can in particular investigate the transition from the valence to the sea quark regime
and measure the processes in the lower block, whereas stage || provides access to a wide region
dominated by sea quarks and gluons.
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N

SPHENIX based eRHIC detector
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Very high energy PID

9/13/2014

-10" 10
33E 430 8000 3
a0k 400 7000 3
- 350 ;
25F &000 -]
i 300 3
20F 250 o0 E
- 4000 =
15 : 200 é
w0 : 150 3000 E
100 2000 3
3 50 1000 3

. F 1 < 4 K K L . 1T 1.£ 1.4 1. E [ k T 1.2 1.4 71 K
Reconstructed Mass(p.b) [GeV] Reconstructed Mass(p,b) [GeV] Reconstructed Mass(p.b) [GeV]

Figure 3.9: Reconstructed mass distribution via m(p,fc;i) at § = 4 for reconstructed momenta
30 GeV/c (left), 50 GeV/c (middle) and 70 GeV/c (right), for pions (red), kaons (green)
and protons (blue), with the parent momentum and particle abundances from the PYTHIA
generator. Vertical lines indicate the symmetric mass cuts corresponding to 90% efficiency.
Note that particle true momentum is on the average smaller than reconstructed momentum,
see Figure 3.10.
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- Dedicated eRHIC detector

3T Solenoid
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edicated detector inner

Barrel micro-vertex
tracking (VST)detecto
based on MAPS-
technology.

Forward / Backward
vertex tracker (FST a
BST)detector disks be
on MAPS-technology
Barrel-Tracker: TPC
GEM read-out, followi
the design of the ILC-
Forward / Backward:
possible GEM Tracke
planes (FGT and BG



Mostrecent global analysis;DSS(

x(Ad+Ad)

ooa L XAu

002

1 xAd

wos | — DNS DSSV Ay’=1
"1 --- GRsv DSSV Ay*=2%
ooa [ XAS 1 *Ag
002 | . ) - [N
R ﬁ_/\\
N ;
002 J
004 GRSV maxg
[ -~ GRSV ming
107 10" 107 10"
Xgj Xg;

ITIS5T ZOTF

NLO analysis

Inclusion of SIDIS data
before COMPASS

Inclusion of RHIC A, data(
from 200GeV)

Using most recent NLO
fragmentation functions

(DSS)
Large uncertainties still for
sea quarks

Decay data forces As to
become negative at small x

RHIC data results in node to
Ag
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pp @ 500 GeV
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M lept
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02
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caveat: A, study assumes 216 GeV 3He

beam

but 325 GeV x Z/A was too optimistic
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conservative: 250 GeV X 2/3 = 166 GeV

does not affect A, much but cross section smaller
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